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Abstract 
This experimental study was performed to investigate the flow characteristics in the pipe of the blow-down system. 
When a liquid CO2 container is found to lose mechanical integrity, possibly by material or mechanical defects, the 
liquid inventory should be drained out rapidly for the purpose of safety by the so-called blow-down process. In the 
course of the blow-down, the liquid CO2 experiences the state change into a two-phase mixture of vapor and solid 
before releasing into atmosphere. The release rate of blow-down is affected by the characteristics of phase change. , 
Temperature and pressure was measured in capillary tube passages representing blow-down flow lines and the 
location of phase change was inferred with the measured data. The experimental result shows that phase change 
occurs just before CO2 flow is exposed to ambient air for any tube length of this study. 
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1. Introduction  
There have been few studies on the liquid CO2 flow accompanying phase change, whereas a lot of 
researchers showed their passion for CO2 capture technology. Kruse et al. [1] calculated the consequence 
of unintended gas and liquid CO2 release. They took into account a worst-case emission which defined by 
a complete pipe rupture right between two cheek valves. Aines et al.[2] quantitatively studied the hazard 
analysis for oil well failures. On the assumption that a well head was eliminated by accident, they 
analyzed the consequence of energetic release of CO2.  
When Liquid CO2 is released from a rupture pipe or oil well, it experiences phase change before it is 
exposed to ambient air. However, determination of release rate is quite different between rupture pipe and 
oil well failure. The evaporation characteristics can be neglected for the release from a sequestration well 
or an oil well because pressure drop mostly occurs during the very long flow passage. On the contrary, 
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evaporation characteristics cannot be negligible in a pipe rupture case. In pipe rupture case, evaporation 
process largely contributes to the total pressure drop.  
When CO2 leak from the storage tank is detected, blow-down system has to be activated to empty the 
defected storage container. The release rate of blow-down in a CO2 carrier is a little bit similar to the pipe 
rupture case. The present study investigated the release characteristics of liquid CO2 through a capillary 
pipe to get some preliminary information for design of blow-down system of CO2 carrier. The 
temperature and pressure of fluid were measured inside a capillary tube. The phase change characteristics 
were analyzed with the measured temperature and pressure data. 
2. Experimental setup 
 The experiment was carried out by letting liquid CO2 flow through a capillary tube representing a 
blow-down flow line. The behavior of fluid flow and phase change was estimated from the temperature 
and pressure measurement along the blow-down pipe. The experimental setup consisted of a single 
pressure tank for supplying liquid CO2, a cylindrical chamber, a 1/4 inch capillary tube, K-type 
thermocouples, piezoresistive pressure sensors, a data acquisition device, a personal computer and a 
power supply. 
 
 
            
 
Fig. 1. Experimental setup 
 
Locating the thermocouple tips in the center of tubes is the best way to measure the temperature. 
Extremely thin thermocouples are required for them not to be involved in fluid flow. However, they may 
not hold the high pressure and velocity inside the tube. Then, 3mm diameter thermocouples are used for 
the experiment. Thermocouples are located near tube wall not to intervene fluid flow. Because tubes have 
only 1/4in diameter, there is no significant temperature distribution along the radial direction and near 
wall temperature of the flow is almost equal to the average temperature.  
Two lengths of tube 3m, 10m- were tested for the experiment, of which L/D is 472 and 1575. 
Considering that L/D of actual system has the value around 1000. Then, 10m capillary tube can represent 
the actual blow-down flow line. For each capillary tube, thermocouples and pressure sensors are installed 
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at five points at the fixed ratio of 3:2:2:2:1 to measure temperature and pressure of the flow. Additionally, 
a thermocouple is installed at the exit of the capillary tube to check emission temperature (Fig. 1). 
3. Results and discussion 
 Fig. 2 is the experimental results of measured temperature and pressure for L=3 m, 10 m. Liquid CO2 
is released for about 220s. During the initial period of 60s, pressure and temperature profiles have curved 
shape with respect to time, which is the effect of filling the cylindrical chamber up. The cylindrical 
chamber represents a CO2 storage container. Before liquid CO2 enter a capillary tube, it flows through a 
siphon tube installed deep into the experimental tank bottom. 100% liquid CO2 is assured to enter the 
capillary tube by installing the cylindrical chamber.  
Phase Change: The temperature drastically changes from t5 to t6. The pressure p5 still remain high 
compared to the ambient air pressure. If phase change happens before t5 or p5, the pressure should be 
lower than 5 bar and temperature be lower than 70 oC. However, temperature of t5 is much higher than 70 
oC and the pressure of is also much higher than 5bar for all the lengths of capillary pipe. On the contrary, 
the temperature and pressure of 6th sensors are well satisfied with the phase changed state. For all the 
lengths of tube, the temperature is around 70 oC. From this result, it can be deduced that the phase change 
after t5.  
When temperature and pressure data are plotted on phase change diagram as shown in Fig. 3, the data 
between 1st and 5th sensors are well on the saturation line. This means that liquid CO2 flow at the 
saturated state. This again tells that phase change does not occur until t5. In Fig.3, the 1st, 2nd sensor data 
seems to be on the saturated line, while 4th and 5th sensors seem to be below the saturated line. On the 
assumption that the data has no error, this means that CO2 flows in single phase- liquid at 1st and 2nd 
sensor location. It is absolutely due to the error of sensor, because the CO2 flow enters capillary tubes in 
saturate state. It is uncertain whether CO2 is in single state at 1st and 2nd sensor location or not. Also it is 
uncertain whether CO2 flows in two phase-gas and liquid- or not.  
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(b) L=3m 
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(b) L=10m 
Fig. 2. Temperature and pressure profiles 
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(a) L=3m    (b) L=10m 
 
Fig. 3. Pressure .vs. temperature plot 
 
It is certain that phase change occurs between 5th and 6th sensors. Also, it is certain that phase change 
occurs before CO2 flow leaves the pipe. Liquid CO2 can t remain unchanged when it is fully exposed to 
ambient air. Because the lengths between the 5th sensor and tip of a pipe are same with 5 cm for all the 
pipes, phase change happens just before CO2 flow leaves the pipe. The pressure of CO2 flow just after 
phase change cannot be measured from this experiment. 
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Nucleation Point: When liquid CO2 flows through a pipe, ordinary phase diagram in Fig.4 tells that 
liquid CO2 is vaporized as soon as it enters the pipe because the cylindrical chamber is in saturated state. 
However, many previous works have told different story that liquid CO2 does not vaporize as soon as the 
flow enter unstable region of p-h diagram [3-4]. The nucleation of liquid CO2 is delayed until a certain 
point (B in the figure) which belongs to spinodal decomposition line as depicted in Fig.4. Liquid CO2 
remains metastable between coexistence line(saturation line) and spinodal line. The spinodal line depicted 
in the figure is an arbitrary conceptual line in the figure, whereas the coexistence line is well-determined 
line. The exact spinodal line of CO2 is not firmly determined yet.  
Because 100% liquid CO2 enters a capillary tube, liquid CO2 starts its journey from point A. As it 
flows through the tube, its pressure decreases because of friction loss. However, its enthalpy is preserved 
when neglecting heat transfer from tube wall. CO2 travels along the depicted line between A to B. When 
it arrives at point B, nucleation initiates and CO2 vapour is created.  
 
 
Fig. 4. Pressure enthalpy diagram 
 
 
 
Fig. 5 shows pressure plot along x =x/L for t=80s, 130s, 180s.  x has origin at the entrance point of a 
capillary tube. The pressure gradient p remains almost constant until x  = 0.9. This tells that liquid Co2 
does not nucleate yet. If the nucleation begins, the pressure gradient does not remain constant. It seems 
that the nucleation occurs in the range of 1.0x0.9  where p  shows abrupt decrease. Considering 
that the Co2 flow isn t yet changed into solid + gas, the large pressure gradient there can be explained 
with only nucleation.  
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(a) L=3m    (b) L=10m 
 
Fig. 5. Pressure variation along the dimensionless length 
 
4. Conclusion 
Experimental study was performed to investigate the flow characteristics of blow-down pipe. Liquid 
CO2 flows through a capillary tube and its pressure and temperature was measured at five distinct points 
along the capillary tube. The measure temperature and pressure are well on the saturation line for all the 
five measurement points, which tells that the phase change into solid + gas does not occur at the five 
measurement points. Phase change into solid + gas occur just before CO2 flow leaves the tubes. The 
active nucleation of liquid CO2 is also thought to initiate near tube exit. 
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